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MOSQUITO  VECTORS  COLLECTED  AT  CONUS  USAF  INSTALLATIONS 
AND  MOSQUITO-BORNE  DISEASE  DATA 


I.  INTRODUCTION 

The  purpose  of  this  technical  report  is  to  summarize  the  1971-1979  col¬ 
lection  records  for  the  20  most  important  vector  species  of  mosquitoes  found 
on  Air  Force  installations  within  the  United  States  and  to  show  the  potential 
human  disease  threat  presented  by  these  vectors.  The  mosquito  collection  data 
presented  in  this  report  are  taken  from  the  results  of  routine,  base-level 
adult-mosquito  surveillance  programs  conducted  as  required  by  Air  Force  Regu¬ 
lation  161-1.  Tables  on  pages  8-103  of  this  report  give  the  total  number  of 
adult  females  collected  at  each  installation.  Mosquito-borne  disease  inci¬ 
dence  data  were  gathered  from  state  epidemiologists  in  all  states  with  active 
Air  Force  installations  (Fig.  1). 

The  U.S.  Air  Force  School  of  Aerospace  Medicine,  Epidemiology  Division, 
Disease  Surveillance  Branch,  received  mosquitoes  for  identification  from  95 
Air  Force  installations  during  1971-1979.  Most  of  the  collections  had  been 
made  using  standard  New  Jersey  light  traps;  therefore,  the  data  reflect  the 
biases  inherent  in  the  design  and  operation  of  this  particular  trap.  Day¬ 
flying  vectors  such  as  Aedes  aegypti  are  under-represented  in  collections  from 
the  Southeast.  Similarly,  species  such  as  A.  trieeriatue  and  Culieeta 
melanuva ,  which  rarely  leave  wooded  areas,  are  probably  also  under-represented 
in  these  collections  since  New  Jersey  light  traps  can  operate  only  in  areas 
where  electrical  requirements  can  be  met. 

The  five  most  abundant  and  widespread  vector  species  collected  at  CONUS 
Air  Force  installations  were  A.  vexane ,  Culex  tar eat ie ,  Peorophora  oolumbiae, 
C.  pipiens/quinquefaeciatue  ,  and  c .  ealinariu8 •  Further  information  on  these 
species  is  given  in  sections  II,  III,  and  IV  of  this  report. 

The  quality  of  mosquito-borne  disease  data  (primarily  encephalitides) 
obtained  from  the  40  States  in  which  major  Air  Force  installations  are  located 
varied  greatly  from  State  to  State.  Thirty  of  the  States  provided  some  spe¬ 
cific  Information  on  mosquito-borne  disease,  and  this  information  is  tabulated 
in  section  V.  Only  Idaho,  Maine,  Oregon,  Utah,  and  Wyoming  reported  the  com¬ 
plete  absence  of  mosquito-borne  disease  between  1971  and  1979. 

St.  Louis  encephalitis  (SLE)  is  the  most  Important  of  the  mosquito-borne 
encephalitides.  SLE  epidemics  are  usually  urban  in  nature  with  c.  pipiene 
subsp.  mosquitoes  acting  as  the  primary  vectors.  The  most  widespread  and 
intense  SLE  epidemic  recorded  occurred  in  the  Ohio  and  Upper  Mississippi  River 
Valleys  from  1975-1976,  when  1815  human  cases  were  reported.  Over  the  1971- 
1979  time  period,  26  of  the  30  States  providing  data  on  specific  types  of 
mosquito-borne  encephalitis  reported  SLE  activity.  Several  States  in  the 
geographic  area  of  the  1975-1976  epidemic,  such  as  Mississippi,  did  not  report 
the  specific  viral  etiologies  of  cases  of  human  encephalitides;  however,  we 
can  reasonably  assume  that  the  general  increase  In  encephalitides  in  these 
States  during  the  SLE  epidemic  years  was  mainly  the  result  of  increased  SLE 
activity.  The  most  Intense  SLE  activity  during  the  1970s  was  in  Illinois 
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where  622  human  cases  were  confirmed.  Additional  information  on  SLE  is  pre¬ 
sented  in  section  VI. 

In  years  when  SLE  is  not  epidemic,  California  (La  Crosse)  encephalitis 
(CE)  is  the  most  important  mosquito-borne  human  disease  in  CONUS.  Unlike  SLE, 
CE  is  more  endemic  in  nature,  thus  causing  a  more  constant  number  of  human 
illnesses  throughout  its  range  each  mosquito  season.  During  most  years,  50- 
100  human  cases  of  CE  occur  throughout  the  Upper  Mississippi  and  Ohio  River 
Valleys,  but  160  CE  cases  were  reported  in  1975.  The  endemic  nature  of  CE  is 
related  to  the  characteristics  of  the  primary  vector  mosquito,  A.  tHseHatus, 
which  is  found  mainly  in  wooded  and  densely  shaded  locations  near  its  treehole 
breeding  sites  and  its  typical  squirrel  hosts.  This  behavior  limits  man- 
mosquito  contact  to  more  rural  or  suburban  situations. 

Western  equine  encephalitis  (WEE)  was  not  reported  from  any  States  far¬ 
ther  east  than  Iowa.  A  major  outbreak  of  WEE  occurred  in  the  Minnesota- 
Dakotas  area  in  1975.  This  epidemic  was  primarily  the  result  of  increased 
C.  tavsalie  populations  which  developed  after  early  summer  floods.  Colorado 
also  had  an  unusually  large  number  of  human  WEE  cases  in  1975.  Over  the  past 
decade,  WEE  was  reported  from  11  of  the  30  States  that  provided  data  on  spe¬ 
cific  mosquito-borne  viral  illnesses. 

Reports  of  eastern  equine  encephalitis  (EEE)  in  humans  were  limited  to 
nine  Atlantic  and  Gulf  Coast  States.  EEE  is  primarily  enzootic  among  water 
birds  and  is  transmitted  by  the  mosquito  Culieeta  melanura,  found  in  coastal 
freshwater  swamps.  The  disease  becomes  a  threat  to  humans  when  aggressive 
vector  mosquitoes  such  as  A.  eollieitane  and  A.  vexane  acquire  the  virus  and 
subsequently  bite  man. 

Venezuelan  equine  encephalitis  (VEE)  was  a  threat  only  once  during  the 
1970s,  when  an  epizootic  among  horses  spread  into  south  Texas  from  Mexico  in 
1971.  Texas  reported  84  human  cases  before  emergency  vector  control  and 
equine  vaccination  programs  stopped  transmission. 

Although  not  present  in  the  United  States  during  the  1970s,  dengue  virus, 
transmitted  by  A.  aegypti,  currently  poses  a  threat  to  the  human  populations 
in  the  Southern  States.  During  the  late  summer  of  1980,  locally  transmitted 
dengue  occurred  in  Texas  for  the  first  time  in  35  years,  when  27  indigenously 
acquired  cases  were  reported  as  an  epidemic  of  the  disease  moved  northward  out 
of  Mexico.  The  disease  and  vector  populations  are  being  monitored  closely 
to  control  any  potential  epidemics  in  Texas  and  other  Gulf  Coast  States. 

The  only  nonvlral  mosquito-borne  human  disease  reported  active  in  the 
United  States  during  the  1970s  and  1980  was  malaria.  Throughout  the  decade 
hundreds  of  malaria  cases  were  Imported  into  the  United  States  every  year  by 
travelers,  military  personnel,  refugees,  and  others  acquiring  infections  in 
the  Tropics.  However,  only  California  reported  any  indigenous  cases  of  malar¬ 
ia  acquired  from  locally  infected  mosquitoes. 

In  summary,  mosquito-borne  encephalltides  are  generally  widespread 
throughout  the  United  States,  with  100-400  confirmed  human  cases  reported 
annually.  Most  of  these  encephalltides  occur  at  low  endemic  levels  over 
relatively  fixed  geographic  areas.  The  primary  exception  is  SLE  which  causes 
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mosquito  contact  to  more  rural  or  suburban  situations. 

Western  equine  encephalitis  (WEE)  was  not  reported  from  any  States  far¬ 
ther  east  than  Iowa.  A  major  outbreak  of  WEE  occurred  in  the  Minnesota- 
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periodic  widespread  epidemics.  Other  than  encephalitis  viruses,  the  greatest 
mosquito-borne  disease  threat  Is  dengue  virus  which  reappeared  in  the  United 
States  during  1980  after  an  absence  of  35  years. 
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II.  MOST  ABUNDANT  AND  WIDESPREAD  MOSQUITO  VECTORS  COLLECTED  ON  U.S.  AIR  FORCE 

INSTALLATIONS,  1971-1979 


Species 

No.  bases  where 
species  comprised  >10% 
of  total  collections 

No.  bases 
where  species 
predominated 

Primary 

distribution 

Aedee 

vexane 

46 

23 

Eastern  U.S. 

Cut  ex 
tarsal  is 

37 

23 

Western  U.S. 

Psovophora 

columbiae 

32 

18 

Lower  Mississippi 
Valley  westward 
to  central  Texas 

Cut  ex  pipiens/ 
quinquef aeeiatus 

28 

4 

Entire  U.S. 

Culex 

ealinariue 

20 

4 

Atlantic  and 
gulf  coasts 

Aedee 

8olliaitane 

11 

3 

Atlantic  coast  and 
Southern  Plains 

Coquillettidia 

perturban8 

10 

6 

Northern  States, 
especially  north¬ 
ern  Great  Lakes 

Aedee 

dorealia 

7 

4 

Northern  Great 
Plains;  front 
range  of  Rockies 

Anopheles 

cruaian8 

6 

1 

Florida;  Georgia 

Aedee 

taeniorhynahue 

3 

1 

Florida;  Virginia 
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•Percent  total  females 
••Includes  Cujex  qulnouefasclatus 
•••Includes  species  co ft acted  but  not  listed 
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SHEPPARD  AFB  TEXAS 


*** I nc I udes  spec! ©s  coll ected  but noJ 


VECTOR  SPECIES  71  72  73  74  7  5  76  7  7  7  8  79  Species  Species 

Totals  PTF* 

Aedes 


(Annual  totals  of 

all  females)***  865  117  74  66  1122 


VECTOR  SPECIES  71  72  73  74  75  76  77  78  79  Spec  I  as  Species 

Totals  PTF* 
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luefasclatus 


VECTOR  SPECIES  71  72  73  74  75  76  77  78  79  Species  Species 

Totals  PTF* 


(Annual  totals  of 

all  females)***  336  88  1847  3106  17072  25300  7561  55310 


FAIRCHILD  AFB  WASHINGTON 


MCCHORD  AFB  WASHINGTON 


Includes 


FRANC  I S  E.  WARREN  AF3  WTOMING 


•Percent  total  females 
••Includes  Culex  qulnquefasclatus 
••includes  species  collected  but  not  listed 


IV.  OCCURRENCE  OF  MOSQUITO-BORNE  HUMAN  DISEASE 


Mosquito-borne  encephal i tides  are  difficult  to  identify  and  are  not  re¬ 
portable  to  the  Center  for  Disease  Control,  so  State  records  of  these  diseases 
vary  greatly  in  detail.  In  the  tables  in  this  section,  disease  cases  intro¬ 
duced  from  outside  the  United  States  are  not  listed. 

In  some  States,  mosquito-borne  disease  did  not  occur  every  year  that  rec¬ 
ords  were  kept.  If  known,  counties  where  cases  were  reported  are  listed  in 
the  tables.  Maps  showing  county  divisions  are  provided  only  for  states  which 
maintained  individual  county  records  of  disease  incidence.  All  encephalitis 
and  aseptic  meningitis  cases  are  listed  for  States  that  did  not  identify  spe¬ 
cific  etiologic  agents;  the  first  example  of  this  is  the  table  for  Arkansas. 

Following  is  a  key  to  the  abbreviations  used  in  the  case  tables  of  mos¬ 
quito-borne  human  diseases. 

CE  =  California  (La  Crosse)  encephalitis 

EEE  =  eastern  equine  encephalitis 

SLE  =  St.  Louis  encephalitis 

VEE  =  Venezuelan  equine  encephalitis 

WEE  =  western  equine  encephalitis 

UNK  =  Viral  encephalitis  caused  by  unknown  etiologic  agent 
Unspec.  County  =  records  not  available  for  specific  counties. 
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State:  Mabama 
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Mosquito-borne  Human  Disease  Cases 
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'All  cases  shown  are  viral  encephal (tides,  specific  etlologlc  agents  are  unknown;  not  all  are  mosquito-borne 
'State  epidemiologist  had  no  records  available  at  time  of  contact. 


State:  Arkansas 

(Cont I nued) 


Poinsett 


COUNTY  70  71  72  73  74  75  76  77  78  79  80*  TOTAL 


Washington 


Mosquito-borne  Human  Disease  Cases 
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Figure  4.  California--county  map 


2 


Mosquito-borne  Human  Disease  Cases 


MQrr*r 
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•State  epidemiologist  had  no  records  available  at  time  of  contact, 


State:  Colorado 

(Conti nued) 


Mosquito- borne  Human  Disease  Cases 


Figure  7.  Florida--county  map. 
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Manatee  1  4  SLE  I  1  EEE 


Figure  8.  Georgia--county  map. 


1ZZ 

■ 


1 


Mosquito-borne  Human  Disease  Cases 


Mosqui to- borne  Human  Disease  Cases 


Figure  9.  II 1 inois~-county  map 


COUNTY  70  71  72  73  74  75  76  77  78  79  803  TOTAL 


'0861  9i  jo  sy, 


(Conti nued) 


McDonough  1  SLE  ■  1  SLE 


COUNTY  I  70  |  7!  |  72  I  73  I  74  I  75  I  76  I  77  I  78  I  79  I  80®  TOTAL 


As  of  16  October  1980 
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Figure  10.  Indiana--county  map. 
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Elkhart  5  SLE  I  5  SLE 


COUNTY  70  71  72  73  74  75  76  77  78  79  80  TOTAL 


State:  Indiana 

(Cont I nued) 


Ippecanoe  8  SLE 


COUNTY  |  70  I  71  I  72  I  73  74  |  75  76  I  77  I  78  79  80  TOTAL 


Mosquito-borne  Human  Disease  Cases 


°awnee  I  1  $LE 


COUNTY  70  7J  72  73  74  75  76  7  7  78*  79*  80*  TOTAL 


ClAIHOHNl  1  UNION 
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No  reports  of  mosquito-borne  disease  In  the  State  of  Maine, 


Mosquito-borne  Human  Disease  Cases 


Figure  14.  Massachusetts — county  map 
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Figure  15.  Michigan — county  map 
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Mosquito-borne  Human  Disease  Cases 


aSeveral  cases  reported  as  CE  during  these  years  were  unconfirmed. 
•State  epidemiologist  had  no  records  available  at  time  of  contact 


State:  Ml nnesota 
(Continued) 


OOUNTY  70®  71®  72®  73®  74®  75  76  77  78  79  80«  TOTAL 


®  Several  cases  reported  as  CE  during  these  years  were  unconfirmed 
•State  epidemiologist  had  no  records  available  at  time  of  contact. 


Figure 


17.  Mississippi--county  map 
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State:  Mississippi 
(Cont I nued) 


156 


Jeff  Davis 
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•State  epidemiologist  had  no  records  available  at  time  of  contact, 


(Cont I nued) 


Sharkey 


OOUNTY  70  71  72  73  74  75  76  77  78  79  80*  TOTAL 


Wobs  ter 


State:  Mississippi 
(Cont  I  ruied) 
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:igure  18.  Missouri — county  map. 
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$t#  Louis  County 1  ]  1  I  1  I  1  ^ 


COUNTY  70*  I  71*  72*  73*  74*  75  76  77  78  79  80*  TOTAL 


the  past  20  years  fewer  than  10  cases/year  of  mosquito-borne  encephalitis  have  been  reported  from  Nebraska.  A  statewide 
leal  survey  In  the  early  1970s  found  antibodies  to  St.  Louis  or  western  encephalitis  In  approximately  10$  of  the  population 
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Reporting  sketchy,  general  Incidence  low;  2  cases  SLE  reported  In  1980  at  Fallon  NAS,  Churchill  County 
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Figure  20.  New  Hampshire--county  map. 


New  Jersey--county  map. 
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•State  epidemiologist  had  no  records  available  at  time  of  contact 
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York — county  map 
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State:  North  Dakota 
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State:  North  Dakota 

(Cont I nued ) 
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-igure  26.  Ohio--county  map 


Mosqui to-borne  Human  Disease  Cases 


•State  epidemiologist  had  no  records  available  at  time  of  contact, 


(Conti nued) 


•State  epidemiologist  had  no  records  available  at  time  of  contact 


(Cont  I  nued) 


Miami 


•State  epidemiologist  had  no  records  available  at  time  of  contact 


(Cont i nued) 
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no  recor 


One  case  of  WEE  reported  In  Umatilla  County  In  1969.  No  cases  reported  In  the  1970s 


State:  South  Dakota 
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aExcept  for  1975,  most  viral  encephalitis  cases  caused  by  unknown  etlologlc  agent. 
•State  epidemiologist  had  no  records  available  at  time  of  contact. 


State:  South  Dakota 
(Continued) 


State:  Tennessee 
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Figure  50.  Texas — county  map 
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Igure  32.  Washington— county  map 


Mosqul to-borne  Human  Disease  Cases 


V.  MOSQUITO  VECTOR  BIONOMICS 


AedeB  aegypti 

Aedee  aegypti  is  a  peridomestic,  primarily  day-biting  mosquito  that  breeds 
in  water  in  artificial  containers  such  as  discarded  vehicle  tires,  buckets, 
clogged  rain  gutters,  and  vases  located  around  human  dwellings.  The  eggs  are 
drought  resistant  and  hatch  quickly  when  they  are  subsequently  flooded.  The 
time  from  egg  to  adult  can  be  as  short  as  9  days  under  optimum  conditions. 
This  species  is  found  throughout  the  Southeastern  and  Southern  United  States 
and  west  to  Arizona,  and  collection  records  have  documented  its  presence  from 
Northeastern  States  such  as  Ohio  and  New  York.  Adults  can  be  recognized  by 
the  characteristic  lyre-shaped  pattern  of  silvery  white  scales  on  the  thorax 
and  white  banding  on  the  tarsal  segments.  A.  aegypti  has  a  short  flight 
range,  and  individual  mosquitoes  typically  remain  within  a  few  hundred  meters 
of  their  breeding  sites.  The  presence  of  male  mosquitoes  is  a  good  indication 
that  a  breeding  place  is  nearby.  This  mosquito  feeds  outdoors  and  indoors  and 
readily  bites  man,  especially  about  the  ankles.  A.  aegypti  is  a  primary 
vector  of  dengue  and  yellow  fever. 


Aedee  dorealie 

Aedee  dorealie  is  a  floodwater  or  pasture  mosquito  that  lays  eggs  on  damp 
ground  which  is  periodically  flooded.  It  is  a  severe  pest  of  man  and  other 
animals  in  the  Western  United  States  but  also  occurs  in  Eastern  and  Southern 
States.  The  immature  stages  of  this  species  are  found  in  Pacific  coastal  salt 
marshes,  wastewater  pools,  irrigation  water,  and  floodwater.  A.  dorealie 
females  bite  day  and  night  and  are  especially  noticeable  during  the  evening 
and  on  calm  overcast  days.  The  flight  range  of  the  strong-flying  female  is 
about  10  miles.  This  species  has  been  linked  with  the  transmission  of  western 
equine  encephalitis,  but  it  may  have  been  confused  with  the  closely  related 
vector  species  A.  melanimon. 


Aedee  melanimon 

Aedee  melanimon,  a  floodwater  mosquito,  occurs  in  North  America  from 
British  Columbia  and  California  eastward  to  Colorado  and  Nebraska.  It  over¬ 
winters  in  the  egg  stage  and  has  two  or  more  generations  during  the  summer. 
The  eggs  can  resist  considerable  drying  and  remain  viable  in  soil  for  several 
years.  Larvae  are  found  in  irrigated  pastures  and  stream  overflows  with  salt 
content  less  than  2.0%.  Females  are  most  active  during  the  crepuscular  (dawn 
and  dusk)  periods,  particularly  twilight,  but  will  bite  during  the  day  if  dis¬ 
turbed.  Man,  cattle,  horses,  dogs,  and  rabbits  are  acceptable  hosts. 
A.  melanimon  has  a  flight  range  of  10  or  more  miles.  This  species  is  an 
important  vector  of  western  equine  and  California  encephalitis. 


Aedee  eollioitane 

Aedee  eollioitane,  the  white-banded  salt  marsh  mosquito,  has  multiple  gen¬ 
erations  each  year  which  develop  mainly  in  salt  water  (6%-15%  salinity)  in 
upper  reach  tidal  pools  of  coastal  salt  marsh  areas  and  in  temporary  inland 
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saline  pools.  The  proboscis  and  tarsi  of  this  mosquito  are  white  banded  and 
the  dorsum  of  the  abdomen  bears  a  white-scaled  longitudinal  stripe. 
A.  solliaitans  occurs  along  much  of  the  Atlantic  and  gulf  coasts  and  in  iso¬ 
lated  inland  locations  in  most  of  the  Eastern  and  Midwestern  States.  Eggs  are 
deposited  on  mud  or  plants  in  salt  marshes  or  other  locations  that  will  later 
be  flooded  with  salt  water.  After  drying  for  a  day  or  longer,  the  eggs  remain 
viable  for  several  months  and  will  hatch  rapidly  when  covered  with  water. 
Overwintering  eggs  produce  the  first  spring  broods  the  following  year.  The 
female  A.  solliaitans  feed  mainly  at  twilight  hours  and  at  night  but  will  bite 
fiercely  during  the  day  if  their  resting  places  are  disturbed.  They  feed  on 
horses,  deer,  man,  other  mammals,  ducks,  geese,  chickens,  other  birds,  king 
snakes,  and  snapping  turtles.  The  females  often  fly  in  large  swarms  long  dis¬ 
tances  from  salt  marshes  to  feed,  and  a  flight  range  of  10-20  miles  is  not 
unusual.  A.  solliaitans  is  a  primary  vector  of  eastern  equine  encephalitis, 
Venezuelan  equine  encephalitis,  and  dog  heartworm.  The  viruses  of  St.  Louis 
and  California  encephalitis  have  also  been  isolated  from  A.  solliaitans. 


Aed.es  taeniorhynahus 

Aedes  taeniorhynahus,  the  black  salt-marsh  mosquito,  occurs  along  the 
Atlantic  coast  from  New  Hampshire  south  to  Brazil,  along  the  Pacific  coast 
from  California  to  Peru,  along  the  gulf  coast,  and  also  in  Arkansas  and  Okla¬ 
homa.  This  species  has  cross  bands  of  white  scales  on  the  abdomen  but  lacks  a 
dorsal  median  white  stripe,  as  is  typical  of  A.  solliaitans.  The  immatures  of 
A.  taeniorhynahus  develop  mainly  in  high-tide  salt  marsh  pools  in  coastal 
regions  and  in  collections  of  brackish  water  inland.  They  are  also  found  in 
freshwater  pools  near  salt  marshes.  The  females  are  avid,  persistent  biters 
of  man  and  will  attack  in  the  shade  during  the  day  as  well  as  from  dusk  to 
dawn.  The  adults  are  strong  fliers  with  a  typical  flight  range  of  5-10  miles. 
A.  taeniorhynchus  is  a  primary  vector  of  Venezuelan  equine  encephalitis  and 
dog  heartworm.  It  is  a  secondary  vector  of  California  encephalitis  and  east¬ 
ern  equine  encephalitis. 


Aedes  triseviatus 

Aedes  triseviatus  occurs  throughout  the  Eastern  United  States  and  westward 
to  Minnesota,  Nebraska,  Kansas,  and  Texas.  A.  triseviatus,  a  blue-black  mos¬ 
quito  with  silvery  white  scales  on  its  thorax,  develops  in  water  in  tree 
holes,  other  tree  cavities,  and  artificial  containers  such  as  rain  barrels, 
buckets,  and  discarded  tires.  Eggs  are  attached  singly  to  the  side  of  a  water 
receptacle  just  above  the  water  line,  and  the  eggs  can  overwinter.  The  larvae 
are  typically  found  in  shaded  situations  in  water  containing  organic  matter 
such  as  leaves.  The  adult  females  are  primarily  dusk  and  dawn  feeders  but 
will  bite  during  the  day  if  disturbed.  A.  triseviatus  females  normally  do  not 
venture  far  from  wooded  areas  and  have  a  flight  range  of  about  1  mile.  The 
females  tend  to  bite  humans  on  the  upper  part  of  the  body  and  will  also  feed 
on  deer  and  other  mammals,  birds,  and  reptiles.  A.  triseviatus  is  a  principal 
vector  of  California  encephalitis  ftransovarial  transmission  demonstrated)  and 
can  transmit  the  viruses  of  eastern,  western,  and  Venezuelan  equine  encephali¬ 
tis  in  the  laboratory. 
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Aedee  tvivittatus 


Aedee  tvivittatus  is  distributed  throughout  the  Northern  and  Eastern 
United  States;  south  to  Georgia,  Louisiana,  and  Arizona;  and  as  far  west  as 
Idaho  and  Utah.  The  larvae  of  this  species  occur  in  open  or  semishaded, 
transient  woodland  pools  where  the  later  instar  larvae  remain  concealed  close 
to  the  pool  bottom  for  extended  periods.  Adults  often  become  abundant  after 
heavy  rains,  and  several  generations  are  completed  each  year.  The  adult  fe¬ 
males  rest  on  grass  and  other  vegetation  during  the  day.  Although  especially 
active  at  night,  they  will  bite  during  the  day  if  disturbed.  The  A.  tvivit¬ 
tatus  females  readily  bite  man,  particularly  on  the  arms  and  head,  and  also 
feed  on  cattle,  sheep,  rabbits,  and  fowl.  This  mosquito's  flight  range  is 
less  than  1  mile.  .4.  tvivittatus  is  a  severe  pest  in  many  Northern  States  and 
a  principal  vector  of  California  encephalitis. 


Aedee  vexane 

Aedee  vexane ,  a  medium-sized  brown  mosquito  with  narrow  white  tarsal 
bands,  is  found  throughout  Europe,  Asia,  Africa,  and  North  America;  it  occurs 
in  each  of  the  continental  United  States  and  Alaska.  This  species,  also 
called  the  inland  floodwater  mosquito,  breeds  in  temporary  pools  and  flood- 
waters.  Eggs  are  deposited  on  soil,  moss,  or  other  matter  in  depressions  that 
become  flooded  with  fresh  water  (such  as  in  meadows  subject  to  inundation), 
and  larvae  can  be  found  in  a  wide  variety  of  temporary  freshwater  habitats. 
Adult  females  of  A.  vexane  bite  primarily  from  dusk  to  dawn  but  will  also 
attack  during  overcast  days.  A.  vexane  is  attracted  to  liqhts;  on  warm  humid 
nights,  this  species  can  be  a  severe  pest  to  humans  inside  houses.  The  adults 
have  a  long  flight  range;  migrations  of  5-10  miles  are  common.  A.  vexane  is 
considered  the  most  important  man-biting  mosquito  in  the  inland  parts  of  the 
United  States.  It  is  a  primary  vector  of  California  encephalitis,  has  been 
incriminated  as  a  vector  of  dog  heartworm,  and  is  a  secondary  vector  of 
eastern  equine  encephalitis.  Females  have  been  captured  that  were  naturally 
infected  with  western  equine  encephalitis. 


Anophelee  crucians 

Anopheles  avuciane  is  most  abdundant  in  the  acidic  waters  of  southeastern 
swamps,  especially  in  Georgia  and  Florida.  However,  it  may  be  found  as  far 
north  as  Connecticut  and  as  far  west  as  Texas.  Partially  shaded  pools  with 
aquatic  vegetation  are  particularly  attractive  breeding  sites  for  4.  crucians . 
Larvae  of  this  species  can  be  found  throughout  the  winter  in  Southern  States. 
Adults  are  primarily  outdoor  nighttime  biters,  although  some  biting  activity 
may  occur  during  overcast  days  and  in  deep  shade.  Adults  rest  during  the  day 
in  hollow  trees,  culverts,  crawl  spaces  beneath  houses,  and  similar  shelters. 
A.  crucians  is  a  potential  vector  of  malaria. 


Anophelee  fveebomi 

Anopheles  fveebomi  is  distributed  primarily  west  of  the  Continental 
Oivide  from  southwestern  Canada  to  northern  Mexico.  Preferred  breeding  sites 
are  partially  sunlit  pools  of  fresh  water  containing  abundant  vegetation. 
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This  species  will  also  breed  in  brackish  water  but  avoids  heavily  polluted 
water.  In  the  fall,  adults  may  fly  10-12  miles  from  breeding  sites  while 
searching  for  indoor  hibernation  sites.  During  the  winter,  A.  freebomi 
adults  remain  semiactive  indoors  and  will  take  occasional  small  blood  meals. 
In  early  spring,  the  hibernating  females  become  very  aggressive  biters  just 
before  dispersing  back  to  breeding  a,eas.  Daytime  resting  sites  include  dark 
corners  of  sheds  and  houses,  basements,  and  areas  beneath  bridges  and  cul¬ 
verts.  Before  1950,  A.  freebomi  was  the  principal  vector  of  malaria  in  the 
Western  United  States.  Since  then,  this  species  has  been  responsible  in  Cali¬ 
fornia  for  several  small  outbreaks  of  malaria  originating  from  introduced 
cases  contracted  overseas.  A.  fveebormi  may  also  be  involved  in  western 
equine  encephalitis  transmission. 


Anopheles  quadrimaeulatus 

Anopheles  quadrimaeulatus  is  distributed  throughout  most  of  the  eastern 
half  of  the  United  States  with  the  exception  of  southern  Florida.  It  is  the 
most  common  anopheline  species  and  invades  houses,  stables,  and  other  man-made 
structures  throughout  its  range.  Breeding  occurs  most  commonly  in  permanent 
freshwater  pools  that  have  both  shaded  and  sunlit  areas.  Females  overwinter 
in  protected  environments  such  as  basements  and  hollow  trees.  The  usual 
flight  range  of  the  A.  quadrimaeulatus  females  is  less  than  1  mile.  Females 
seek  blood  meals  mainly  at  night  and  spend  daytime  hours  resting  in  dimly-lit 
areas  such  as  under  bridges  and  houses  and  in  culverts.  A.  quadrimaeulatus  is 
the  most  important  potential  vector  of  malaria  in  the  Eastern  United  States. 


Culex  nigripalpus 

Culex  nigripalpus  is  a  medium-sized  dark  mosquito  with  an  unbanded  abdo¬ 
men.  This  is  a  common  mosquito  in  Florida  and  has  a  scattered  occurrence  in 
other  Southeastern  States.  C.  nigripalpus  is  also  found  in  Oklahoma,  Texas, 
Arizona,  Central  America,  and  South  America.  Larvae  are  generally  found  in 
ditches,  freshwater  marshes,  grassy  ground  pools,  flooded  fields,  and  occa¬ 
sionally  in  artificial  containers.  This  species  is  a  dusk-to-dawn  feeder 
which  typically  bites  outdoors,  but  it  has  been  captured  indoors.  C.  nigri¬ 
palpus  feeds  on  cattle,  man  (especially  about  the  legs),  other  mammals,  and 
birds  and  is  collected  in  light  traps.  This  species  has  a  flight  range  of 
about  1  mile,  and  in  Florida  is  a  principal  vector  of  St.  Louis  encephal itis. 


Culex  pipiens/cuinquefasaiatus 

Culex  pipiens,  the  northern  house  mosquito,  and  C.  quinquefasaiatus,  the 
southern  house  mosquito,  are  closely  associated  with  man.  The  species  are 
believed  by  most  authorities  to  be  morphologically  indistinguishable  and  are 
separated  primarily  by  geographical  distribution;  C.  pipiens  predominates  in 
the  Northern  United  States  and  C.  quinquefasaiatus  in  the  Southern.  Larvae  of 
these  species  are  found  in  water  containers,  particularly  if  the  water  is  pol¬ 
luted  with  sewage  or  other  wastes.  Other  important  sources  of  these  species 
include  storm-sewer  catch  basins,  roadside  ditches,  stagnant  ground  pools, 
sewage  effluent  ditches,  and  other  locations  with  water  high  in  organic  con¬ 
tent.  Under  optimum  conditions,  development  from  eggs  (in  egg  rafts)  to 
adults  can  be  completed  in  2  weeks.  Unfed  females  overwinter  in  basements, 
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caverns,  and  other  shelters.  C.  pipiens/quinquefasaiatus  females  are  predomi¬ 
nantly  bird  feeders  but  to  a  lesser  extent  also  feed  on  mammals,  including 
man.  Mainly  dusk-to-dawn  feeders,  these  mosquitoes  will  enter  houses  to 
bite.  They  are  collected  in  light  traps,  but  the  numbers  collected  do  not 
usually  represent  their  true  abundance  because  light  does  not  effectively 
attract  this  species.  Resting  adults  may  be  collected  during  the  day  from 
chicken  coops,  outbuildings,  and  other  shelters.  The  flight  range  of  these 
species  is  considered  to  be  less  than  one-half  mile.  C.  pipiens  and  C.  quin- 
quefasaiatus  are  primary  vectors  of  urban  epidemics  of  St.  Louis  encephalitis 
and  secondary  vectors  of  western  equine  and  Venezuelan  encephalitis. 


Culex  restuans 

Culex  restuans  is  widely  distributed  east  of  the  Rocky  Mountains.  It  is 
not  always  distinguishable  from  c.  pipiens.  The  immatures  of  C.  restuans  are 
found  in  standing  water  with  decaying  grass  and  leaves;  favored  breeding  spots 
include  woodland  pools,  rock  pools,  ditches,  stream  pools,  and  artificial  con¬ 
tainers.  Populations  peak  early  in  the  mosquito  season,  c.  restuans  feeds  on 
birds,  mammals,  sna'es,  and  turtles.  It  occasionally  feeds  on  man,  mainly 
from  dusk  to  dawn  but  at  times  during  the  day  in  shaded  areas.  This  species 
is  attracted  to  light  traps,  and  the  resting  adults  can  be  collected  from 
shelters  during  the  day.  Females  have  a  flight  range  of  1-2  miles  and  can 
hibernate  in  houses,  caves,  and  tree  holes.  The  viruses  of  eastern  and  west¬ 
ern  equine  encephalitis  have  been  isolated  from  C.  restuans,  and  it  is  con¬ 
sidered  a  secondary  vector  of  St.  Louis  encephalitis. 


Culex  ealinarius 

Culex  salinarius  is  a  medium-sized  1  igh‘  t-.'  wn  mosquito  with  or  without 
narrow  basal  bands  of  yellowish  scales  on  i<*-e  dorsum  of  the  abdomen.  This 
species  is  most  common  along  the  Atlantic  and  gulf  coasts  and  is  found  in  the 
Southeastern,  Eastern,  and  Midwestern  States  and  in  Mexico.  Larvae  develop  in 
grassy  ground  pools  with  fresh  or  brackish  water,  in  ditches  and  freshwater 
swamps,  and  along  lake  margins.  C.  salinarius  feeds  readily  on  man  outdoors 
and  occasionally  indoors.  The  major  feeding  periods  are  the  crepuscular  and 
evening  hours.  Adults  are  collected  in  light  traps.  In  cold  climates 
C.  salinarius  overwinters  in  the  adult  stage,  but  breeding  continues  year- 
round  in  warm  regions.  The  flight  range  of  this  species  is  1-5  miles.  It  is 
a  secondary  vector  of  eastern  equine  and  St.  Louis  encephalitis. 


Culex  tarsal  is 

Culex  tar sal  is,  the  primary  mosquito  vector  of  western  encephalitis,  is 
characterized  by  a  distinct  white  band  on  the  proboscis  and  white  bands  at 
each  end  of  the  tarsal  segments.  This  species  has  a  range  that  extends  from 
British  Columbia  to  Manitoba  in  the  north,  down  to  Baja  California  and  north¬ 
ern  Mexico  in  the  south.  In  the  United  States,  the  mosquito  occurs  in  abun¬ 
dance  from  the  Mississippi  River  Valley  west  to  the  Pacific  coast;  in  less 
abundance,  it  is  also  found  east  of  the  Mississippi  into  Virginia,  Pennsyl¬ 
vania,  and  New  Jersey.  The  egg  rafts  are  laid  on  practically  any  collection 
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of  fresh  water  such  as  marshes,  farm  ponds,  irrigation  ditches,  seepage  water, 
rice  fields,  flooded  pastures,  catch  basins,  and  artificial  containers.  How¬ 
ever,  treeholes  are  not  used.  The  immatures  occur  also  in  coastal  salt-marsh 
pools  with  a  salt  content  of  less  than  1.0%.  The  larvae  and  pupae  complete 
development  in  1-2  weeks  under  favorable  conditions.  Adults  are  active  from 
dusk  to  dawn  and  can  be  found  resting  during  the  day  in  animal  burrows,  tree 
cavities,  chicken  houses,  grass  and  shrubs,  and  under  bridges,  c.  tar-sal-’  * 
females  feed  on  birds,  man,  and  other  mammals,  and  biting  can  occur  indoors  as 
well  as  outdoors.  Feeding  patterns  shift  from  primarily  birds  in  the  spring 
to  predominantly  mammals  by  mid  or  late  summer.  Autogeny,  or  production  of 
the  first  batch  of  eggs  without  a  blood  meal,  occurs  with  C.  tavsalis.  This 
species  can  be  collected  from  resting  sites,  chicken-baited  traps,  light 
traps,  and  CC^-baited  traps  and  has  a  normal  flight  range  of  1-2  miles. 
C.  tavsalis  is  a  primary  vector  of  western  equine  and  St.  Louis  encephalitis, 
especially  in  rural  areas. 


Culiseta  melanuva 

Culiseta  melanuva  is  distributed  from  New  England  south  to  South  Carolina 
and  west  to  Texas  and  Colorado.  This  is  a  woodland  species  and  prefers  per¬ 
manent  pools  of  water  for  breeding.  Larval  habitats  are  often  associated  with 
decaying  wood  in  dimly  lit  sites.  Larvae  are  coldhardy  and  have  been  found 
beneath  ice.  Larval  development  is  rather  slow,  and  larvae  may  burrow  into 
damp  soil  if  breeding  sites  begin  to  dry  out.  C.  melanuva  adults  seldom  leave 
deeply  shaded  locations,  where  they  feed  mainly  on  birds.  This  species  is  a 
primary  vector  of  enzootic  eastern  equine  encephalitis  virus  (EEEV).  Out¬ 
breaks  of  EEEV  among  horses,  domestic  fowl,  and  humans  usually  correlate  with 
unusually  high  local  populations  of  C.  melanuva. 


Coquillettidia  pevtuvbans 

Coquill ettidia  pevtuvbans  occurs  throughout  most  of  the  United  States  and 
southern  Canada.  Larvae  of  this  species  have  modified  siphons  (breathing 
tubes)  which  they  insert  into  stems  of  aquatic  plants  to  obtain  air.  In  this 
way,  the  larvae  and  pupae  rarely,  if  ever,  need  to  contact  the  water  surface 
for  air--a  characteristic  that  makes  them  much  more  difficult  to  control  with 
insecticides.  Larvae  overwinter  in  the  bottom  mud  of  breeding  sites.  C.  pev¬ 
tuvbans  adults  are  strong  fliers  and  bite  mainly  at  night,  especially  in 
the  first  few  hours  after  dusk.  This  species  may  be  involved  in  eastern 
equine  encephalitis  virus  transmission. 


Psovophova  solumbiae 

Psovophova  aolumbiae,  the  dark  rice-field  mosquito,  is  large  and  has  a 
narrow  ring  of  white  scales  near  the  top  of  each  femur.  It  occurs  in  North 
America  from  southern  Canada  to  Mexico  and  from  California  to  New  York  and 
Florida.  The  females  deposit  eggs  on  moist  soil  characteristic  of  rice  fields 
and  other  grassy  areas  that  are  alternately  flooded  and  dried.  The  overwin¬ 
tering  eggs  hatch  after  spring  inundations,  and  the  larvae  and  pupae  develop 
within  a  week  of  flooding.  Pupae  stranded  on  moist  mud  often  successfully 
complete  development.  The  adult  females  which  emerge  in  great  numbers, 
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particularly  in  the  Florida  Everglades  and  southeastern  rice-field  areas,  are 
fierce  biters  and  can  seriously  limit  outdoor  activities.  There  can  be  sev¬ 
eral  generations  each  year.  The  P.  columbiae  females  are  pests  of  man  and 
larger  domestic  animals.  The  adults  are  most  active  during  the  crepuscular 
and  evening  hours,  but  can  bite  at  any  hour  of  the  day  and  are  attracted  to 
lights.  During  the  day,  adults  can  be  found  clinging  to  grass  over  moist 
soil.  The  flight  range  of  this  species  is  up  to  10  miles,  p.  columbiae  is  a 
principal  vector  of  Venezuelan  eguine  encephalitis  virus,  and  SLE  and  WEE 
viruses  have  been  isolated  from  this  species. 


Psorophora  discolor 

Psorophora  discolor  occurs  in  the  Southern  United  States,  north  to  New 
Jersey,  west  to  Arizona  and  Nebraska,  and  south  into  Mexico.  The  eggs  over¬ 
winter.  Larvae  develop  in  transient  water  in  grassy  ditches,  temporary  pools, 
and  rice  fields.  The  larvae  remain  for  long  periods  near  the  bottom  of  their 
pools  among  the  grass  and  debris.  This  species  is  common  in  the  rice-growing 
regions  of  the  Southeast  and  is  readily  captured  in  light  traps.  It  is  a 
painful  biter,  especially  at  night,  p.  discolor  feeds  on  cattle,  horses, 
swine,  man,  and  birds.  Its  flight  range  is  1-5  miles,  p.  discolor  is  an 
important  vector  of  the  virus  of  Venezuelan  equine  encephalitis. 


VI.  MOSQUITO-BORNE  DISEASE  EPIDEMIOLOGY 


Dengue 

Dengue,  also  known  as  breakbone  fever  or  Southeast  Asian  hemorrhagic 
fever,  is  an  acute  febrile  illness  resulting  from  infection  with  one  of  the 
four  serotypes  of  dengue  virus.  The  dengue  viruses  are  group  B,  or  r’.avivir- 
uses,  and  are  related  to  the  viruses  of  yellow  fever  and  St.  Louis  encepha¬ 
litis.  With  classical  uncomplicated  dengue,  symptoms  include  fever,  retro- 
orbital  pain,  body  and  joint  aches,  and  often  a  rash.  The  malignant  form  of 
dengue,  called  dengue  hemorrhagic  fever,  is  characterized  by  abnormal  blood 
vessel  permeability  and  hypovolemic  shock.  Dengue  occurs  in  most  tropical  and 
subtropical  areas.  A  Caribbean  pandemic  of  dengue  that  began  in  1977  affected 
Jamaica,  Puerto  Rico,  Mexico,  and  other  countries,  as  well  as  Texas--where  the 
first  indigenously  transmitted  cases  (27)  in  35  years  were  detected  in  1980. 
During  1977,  1978,  1979,  and  1980,  respectively,  56,  88,  7,  and  51  imported 
cases  of  dengue  were  reported  in  the  United  States.  The  only  known  vector  of 
dengue  in  the  Western  Hemisphere  is  Aedes  aegypti ,  a  peridomestic ,  primarily 
day-biting  mosquito  that  breeds  in  water  in  artificial  containers  located  near 
human  dwellings.  A.  aegypti  abounds  in  the  Southern  and  Southeastern  States, 
from  Texas  to  Tennessee  and  North  Carolina.  Man  is  the  only  known  reservoir 
for  dengue  in  the  Western  Hemisphere,  and  no  vaccine  is  available  for  this 
disease.  Measures  recommended  to  prevent  or  control  dengue  are  destruction  of 
discarded  artificial  containers,  screen  repairs,  mosquito  repellents,  and  mos¬ 
quito  control  with  larvicides  and  adulticides. 

Eastern  Equine  Encephalitis  (EEE)  Virus 

EEE  virus  was  first  isolated  in  1933  from  the  brains  of  infected  horses. 
Its  distribution  in  the  United  States  is  fairly  limited  to  marsh  and  swamp 
areas  along  the  eastern  seaboard  and  Gulf  Coast  States,  although  isolated  out¬ 
breaks  have  occurred  in  inland  locations  such  as  southwestern  Michigan,  north¬ 
western  Indiana,  and  upstate  New  York.  The  primary  victims  of  the  disease  are 
horses  and  imported  domestic  fowl  such  as  pheasants  and  ducks.  Yearly  inci¬ 
dence  in  humans  is  usually  low,  even  in  areas  where  epizootics  occur.  The 
virus  characteristically  circulates  among  wild  birds,  especially  waterbirds, 
and  mosquitoes.  Wild  birds  normally  show  no  clinical  signs  of  disease  when 
harboring  virus.  The  mosquito  species  most  often  involved  in  EEE  virus  circu¬ 
lation  among  birds  is  Culieeta  melanuva.  This  mosquito  breeds  in  freshwater 
swamps  and  rarely  bites  man  or  horses.  Outbreaks  of  the  disease  occur  when 
weather  conditions  favor  unusually  large  C.  melanuva  populations  and  the  virus 
"spills  over"  into  other  susceptible  animal  populations  near  C.  melanuva 
breeding  sites.  Once  the  virus  infects  horses  or  domestic  bird  hosts,  c*her 
mosquito  species  such  as  Aedes  taeniovhynahue  ,  4.  solliaitans ,  and  4.  vexans 
frequently  become  involved  in  further  transmitting  the  virus  to  additional 
susceptible  hosts  including  man. 

EEE  is  extremely  dangerous  to  young  children;  it  may  cause  sudden  high 
fever,  vomiting,  drowsiness  or  coma,  twitching,  and  severe  convulsions.  When 
fatalities  occur,  they  usually  occur  3-5  days  after  the  onset  of  illness. 


Younq  children  surviving  EEE  can  suffer  permanent  nervous  system  damage  which 
commonly  results  in  mental  retardation,  convulsions,  and  paralysis.  Persons 
over  40  years  of  age  usually  recover  completely. 


La  Crosse  Virus  (LACV) 

LAC  virus  is  one  of  the  most  common  arboviruses  in  the  United  States. 
One  of  15  closely  related  viruses  belonging  to  the  California  group,  LACV  is 
the  California  virus  that  causes  the  greatest  human  morbidity  and  mortality 
in  the  United  States.  LACV  is  endemic  in  the  upper  Mississippi  and  Ohio  River 
Valleys,  especially  in  Minnesota,  Wisconsin,  Illinois,  Indiana,  and  Ohio.  The 
virus  was  first  isolated  in  1965  from  the  brain  of  a  child  who  died  of  enceph¬ 
alitis  in  La  Crosse,  Wisconsin.  Endemic  areas  for  LACV  correspond  to  the  pri¬ 
mary  range  of  the  tree-hole-breeding  mosquito,  Aedes  triseviatus.  The  common 
enzootic  cycle  involves  A.  triseviatus  and  eastern  chipmunks  (Tamias  stviatus) 
or  gray  squirrels  (Saiurus  aarolinensis)  in  woodland  situations.  The  virus 
can  be  passed  transovarial ly  from  infected  female  mosquitoes  to  their  eggs, 
thus  providing  a  means  for  the  virus  to  overwinter.  Transovarial ly  infected 
males  may  also  transmit  virus  to  uninfected  females  during  copulation.  Infec¬ 
ted  eggs  hatch  in  the  spring,  giving  rise  to  infected  adult  mosquitoes  which 
bite  and  infect  susceptible  small  mammals.  Viral  activity  amplifies  as  addi¬ 
tional  susceptible  mosquitoes  and  small  mammals  become  infected.  A.  trisevi¬ 
atus  adults  rarely  leave  shaded  woodland  areas;  therefore,  the  disease  is 
essentially  confined  to  rural  and  suburban  sites.  A .  triseviatus  biting 
activity  is  the  greatest  during  afternoon  and  evening  hours. 

Man  is  an  incidental  and  dead-end  host  for  LACV  because  further  transmis¬ 
sion  does  not  occur  from  man.  There  are  apparently  two  distinct  clinical 
patterns  of  LACV  infection.  In  the  mild  form,  fever,  headache,  and  gastroin¬ 
testinal  symptoms  occur  with  minimal  central  nervous  system  involvement. 
Symptoms  subside  over  a  10-14-day  period,  with  no  permanent  nervous  system 
damage.  In  the  severe  form,  fever  and  headache  begin  suddenly,  followed  less 
than  24  hours  later  by  focal  or  generalized  seizures  requiring  intensive 
supportive  care.  In  some  severe  cases,  permanent  nervous  system  damage  may 
occur. 


Malaria 

Although  malaria  is  considered  to  be  primarily  a  tropical  disease,  it  has 
historically  been  common  in  temperate  areas,  including  the  United  States  where 
6-7  million  cases  occurred  annually  throughout  the  1930s.  Since  the  1950s, 
only  a  few  sporadic  cases  of  locally  acquired  malaria  have  been  reported  with¬ 
in  the  United  States.  Imported  cases  of  malaria  increased  dramatically  during 
the  Vietnam  War;  a  peak  number  of  cases  (4,059)  occurred  in  1970.  More 
recently,  imported  malaria  cases  have  been  increasing  with  the  influx  of 
refugees  from  endemic  areas  and  with  increased  tourism  to  tropical  countries. 
More  than  1900  cases  of  imported  malaria  were  reported  in  the  United  States  in 
1980,  compared  to  800  cases  in  1979. 

Malarial  parasites  are  protozoans  belonging  to  several  species  of  the 
genus  Plasmodium .  Plasmodium  spp.  undergo  a  complex  life  cycle  in  man  and 
the  Anopheles  vectors.  Sporozoites  are  introduced  into  man  from  the  salivary 
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glands  of  an  infected  biting  mosquito.  The  sporozoites  enter  the  liver,  mul¬ 
tiply,  and  develop  into  merozoites  which  enter  red  blood  cells  (RBCs)  and 
become  trophozoites.  These  trophozoites  reproduce  asexual ly  in  the  RBCs  and 
destroy  them,  and  large  numbers  of  new  merozoites  are  released  to  continue  the 
RBC  cycle.  Gametocytes  also  form  inside  the  RBCs  and  are  released  into  the 
blood  stream.  The  circulating  micro  and  macrogametocytes  are  ingested  by  a 
feeding  Anopheles  mosquito.  The  gametocytes  fuse  inside  the  gut  of  the  mos¬ 
quito  to  form  ookinetes,  which  form  oocysts  on  the  mosquito  gut  wall.  The 
oocysts  release  sporozoites  into  the  mosquito,  and  the  sporozoites  enter  the 
mosquito  salivary  glands  to  begin  the  cycle  again. 

Indigenous  malaria  continues  to  be  a  potential  threat  to  the  United  States 
population  because  efficient  vectors  such  as  A.  fveebormi  and  A.  quadrimacula- 
tus  are  abundant  in  many  locations  and  the  number  of  imported  malaria  cases  is 
increasing  yearly.  Several  cases  of  locally  acquired  malaria  were  reported 
from  California  in  1980. 

P.  falciparum  is  the  most  virulent  malaria  parasite.  Fever  and  chills 
(caused  by  rupture  of  infected  RBCs)  occur  irregularly,  and  infected  RBCs  tend 
to  clump  and  thus  cause  circulatory  complications.  Merozoites  of  P.  falcip¬ 
arum  can  invade  reticulocytes  and  mature  RBCs  and  cause  extremely  high  and 
dangerous  levels  of  parasitemia,  p.  vivax  is  the  most  common  malarial  para¬ 
site  found  in  temperate  areas,  and  episodes  of  fever  and  chills  occur  every  48 
hours.  Unlike  p.  falciparum ,  a  vivax  infection  is  seldom  fatal.  Other 
malarias  include  p.  malariae,  which  has  a  discontinuous  distribution  in  tropi¬ 
cal  Africa  and  southern  Asia,  develops  very  slowly  in  both  mosquitoes  and  man, 
and  may  infect  chimpanzees;  and  P.  ovale,  the  rarest  human  malaria,  causing 
relatively  mild  symptoms  among  inhabitants  of  the  African  west  coast. 


St.  Louis  Encephalitis 

St.  Louis  encephalitis  (SLE)  was  first  recognized  in  the  United  States 
during  outbreaks  in  Illinois  and  Missouri  in  the  early  1930s.  It  also  occurs 
in  Trinidad,  Jamaica,  Panama,  and  Brazil.  This  acute,  inflammatory  encephali¬ 
tis,  caused  by  a  Group  B  virus,  is  usually  of  short  duration  (fever  and  neuro¬ 
logic  symptoms  last  4  days  to  2  weeks)  and  involves  the  brain,  spinal  cord, 
and  meninges.  Severe  infections  are  characterized  by  rapid  onset,  headache, 
high  fever,  disorientation,  convulsions,  tremors,  coma,  and  paralysis.  As 
many  as  250  subclinical  infections  occur  for  every  clinically  recognized  case 
of  SLE.  SLE  is  identified  through  complement  fixation  or  hemagglutination 
inhibition  tests  on  acute  and  convalescent  sera.  The  SLE  virus  is  enzootic  or 
epizootic  in  birds  and  is  transmitted  from  bird  to  bird  and  from  birds  to 
mammals  (including  man)  by  mosquitoes.  Small  mammals  such  as  raccoons  and 
opossums  are  thought  to  be  SLE  reservoirs  in  Florida,  and  bats  may  also  be 
important  reservoirs.  The  crepuscular  and  evening  feeders  Culex  pipiens, 
C.  quinquefasciatu8,  and  C.  tarealis  are  primary  vectors  of  SLE  in  most  parts 
of  the  United  States,  while  C.  nigvipalpue  is  considered  to  be  the  main  vector 
in  Florida.  The  virus  has  been  Isolated  from  overwintering  c.  pipiens. 
Outbreaks  of  SLE  occur  periodically  in  the  United  States;  at  least  1,815  cases 
were  reported  during  1975  and  379  during  1976.  In  contrast  with  eastern 
encephalitis,  which  primarily  affects  children,  SLE  typically  affects  older 
persons.  Cases  of  SLE  frequently  occur  in  the  late  summer  or  early  fall. 
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Epizootics  of  SEE  in  bird  or  mammal  populations  often  occur  prior  to  outbreaks 
in  humans.  Spring  and  summer  surveillance  of  hosts  (such  as  sentinel  chick¬ 
ens  or  juvenile  or  nestling  sparrows,  pigeons,  or  blue  jays)  for  virus  activ¬ 
ity  can  be  used  as  a  predictive  technique  for  initiating  control  efforts  to 
head  off  human  cases  of  SLE.  SLE  outbreaks  can  be  prevented  by  mosquito  con¬ 
trol  efforts  such  as  cleaning  and  maintaining  ditches,  draining  pools,  elimi¬ 
nating  stagnant  water,  destroying  discarded  artificial  containers,  using  per¬ 
sonal  protective  measures  such  as  home  screening  and  insect  repellents,  and 
larviciding  and  adulticiding. 


Venezuelan  Equine  Encephalitis 

Venezuelan  equine  encephalitis  (VEE)  is  caused  by  a  Group  A  alphavirus, 
with  several  epidemic  and  endemic  strains,  which  is  transmitted  by  mosquitoes 
and  possibly  black  flies.  The  virus  causes  a  sleeping  sickness  and  fatalities 
in  60%-70%  of  infected  horses,  mules,  and  donkeys.  Widespread  epidemics  are 
also  known  to  occur  in  humans.  The  VEE  virus  originated  in  swamps  near  the 
Amazon  and  Orinoco  Rivers  in  South  America.  It  was  first  recognized  in 
Colombia  in  1935  and  in  Venezuela  in  1936,  and  outbreaks  of  VEE  have  occurred 
from  Peru  to  Texas.  During  1962-1964  in  Venezuela,  there  were  23,000  human 
cases  of  VEE,  including  156  deaths;  and  in  1969  in  Ecuador,  27,000  horses  and 
other  equines  died,  31,000  humans  were  affected,  and  310  people  died.  When 
VEE  entered  the  United  States  in  1971,  1,500  equines  died;  there  were  no 
fatalities  among  the  84  human  cases.  In  man,  clinical  symptoms  (including 
stiff  neck,  severe  headache,  fever,  and  weakness)  typically  last  3-5  days. 
Children  are  affected  more  severely  than  adults.  During  epidemics,  viruses 
and  antibodies  to  them  occur  in  rodents,  carnivores,  equines,  and  other  mam¬ 
mals.  Equines  build  up  enough  viremia  to  allow  horse-to-horse  transmission  by 
mosquitoes.  In  endemic  areas,  rodents  appear  to  be  important  virus  reser¬ 
voirs.  Some  37  mosquito  species  have  been  implicated  as  vectors  of  the  VEE 
virus,  including  8  Aedes,  4  Anopheles ,  11  Culex,  and  7  Psovophona  species. 
During  the  1971  VEE  outbreak  in  Texas,  Aedes  sollicitans,  P.  aolunbiae,  and 
P.  disaolov  yielded  the  greatest  number  of  VEE - like  isolates.  Isolations  of 
VEE  virus  were  made  from  Simulium  black  flies  during  a  1967  outbreak  in 
Colombia.  Mosquito  control  programs,  quarantine  restrictions  on  host  animals, 
and  equine  vaccinations  are  all  important  in  controlling  VEE  outbreaks. 


Western  Equine  Encephalitis 

The  virus  that  causes  western  equine  encephalitis  (WEE)  was  first  isolated 
from  sick  horses  and  a  fatal  human  case  in  the  1930s.  The  acute,  febrile 
illness  in  its  most  severe  form  results  in  inflammation  of  and  injury  to  the 
spinal  cord,  brain,  and  meninges.  After  a  5-10-day  incubation  period,  onset 
is  often  rapid  in  adults;  in  children,  it  is  preceded  by  a  prodromal  period  of 
lethargy,  fever,  and  headache.  Clinical  features  of  the  acute  disease  include 
fever  (102-104°F),  headache,  vomiting,  and  a  stiff  neck.  Increasing  involve¬ 
ment  of  the  brain  is  reflected  by  confusion,  disorientation,  stupor,  and 
coma.  After  a  3-10-day  acute  phase,  recovery  usually  proceeds  rapidly.  Per¬ 
manent  neurological  problems  are  rare  in  adult  patients;  however,  naif  of  the 
affected  infants  suffer  progressive  retardation  or  major  motor  disorders. 
Infection  with  WEE  is  confirmed  by  specific  antibody  rises  in  paired  sera  and 
viral  isolation  (including  postmortem  isolation  of  WEE  virus  from  brain  tis¬ 
sue). 


Isolated  cases  and  small  outbreaks  of  WEE  occur  primarily  in  the  Mountain 
and  West  Central  States.  The  virus  also  occurs  in  Canada,  Mexico,  and  South 
America.  An  enzootic  transmission  cycle  mainly  involving  wild  birds  and  culi- 
cine  mosquitoes  maintains  the  WEE  virus  in  nature.  House  finches  and  sparrows 
appear  to  be  effective  viremic  hosts.  Human  cases  appear  during  early  and 
middle  summer  and  involve  more  rural  than  urban  residents.  Approximately 
one-third  of  the  cases  are  in  children  under  5  years  old,  and  severe  encepha¬ 
litis  is  more  likely  to  develop  in  infants  less  than  1  year  old.  The  greatest 
number  of  cases  in  recent  years  was  reported  during  1975  when  133  cases  of  WEE 
were  recorded. 

The  primary  vector  of  WEE  is  Culex  tavsalie,  a  nocturnal ly  active  mosquito 
that  prefers  to  feed  on  birds  rather  than  man  or  livestock  and  breeds  in 
marshes,  irrigation  ditches,  farm  ponds,  and  rain  barrels.  The  scarcity  of 
C.  tarsal  is  in  the  Eastern  United  States  is  believed  to  be  the  reason  for  the 
lower  incidence  of  WEE  in  the  East.  The  WEE  virus  has  been  isolated  from 
hibernating  c.  tavsalie  females  during  the  winter  months.  Aedes  melanimon,  a 
floodwater  mosquito,  is  an  important  vector  of  WEE  in  a  transmission  cycle 
involving  jack  rabbits.  Secondary  vectors  for  WEE  virus  include  A.  dorsalis, 
A.  nigripalpus.  Anopheles  freebormi,  C.  pipiens/quinquefaeciatus,  and  Culiseta 
species.  Horses  and  man  are  dead-end  hosts  for  the  WEE  virus  because  levels 
of  virus  developed  are  insufficient  to  serve  as  infection  sources  for  the 
vectors. 
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